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Abstract : The hyoid bone is located in the middle of the cervical muscles involved 
in oral masticatory function.  The position of the hyoid bone is commonly deter-
mined by lateral cephalometric analysis.  Although cephalometric radiography is 
commonly used in orthodontic treatment, the modality remains rare ; routine dental 
care would benet from precise identication of hyoid bone location using a more 
common modality, such as panoramic radiography.  The purpose of this study was 
to investigate the usefulness of panoramic radiography compared to lateral cepha-
lometric radiography for evaluating hyoid bone position as a potential screening 
method for oral hypofunction.  The study included 347 patients referred for both 
a panoramic radiograph and a lateral cephalometric radiograph.  The patients were 
divided into the following ve groups according to the appearance of the hyoid 
bone in the panoramic radiograph : Group 1 : hyoid bone could not be observed, 
or part of the greater horn was observed ; Group 2 : part of the hyoid body was 
observed, but not the most supero-anterior point of the hyoid bone ; Group 3 : 
the most supero-anterior point of the hyoid bone was observed ; Group 4 : all of 
the hyoid body was observed ; Group 5 : the hyoid body overlapped the mandible.  
The gold standard for measurement of hyoid bone position is the lateral cepha-
lometric radiograph.  Hyoid bone position as revealed by lateral cephalometric 
radiograph was compared among the groups.  Hyoid bones that were observed in 
higher positions on lateral cephalometric radiograph were also observed in higher 
positions on panoramic radiograph.  Hyoid bone position can be assessed by pan-
oramic radiography, and this modality might be useful as a screening method for 
oral hypofunction.
Key words : panoramic radiography, cephalometric radiography, hyoid bone, oral 
hypofunction
Introduction
　Frailty is highly prevalent in older adults and is considered to contribute to the risk of falls, 
disability, hospitalization, and mortality 1）.  Slight signs of frailty in the oral and maxillofacial 
area might be initial symptoms of serious systemic frailty.  In 2014, the Japanese Society of 
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Gerodontology made several recommendations on the concept of “oral hypofunction” being the 
stage at which recovery can be expected by performing dental treatment before oral dysfunction 
occurs 2）.  
　The hyoid bone, located in the middle of the cervical muscles involved in oral masticatory 
function, is considered a useful reference in assessing oral function.  Numerous studies have 
analyzed the relationships between the position of the hyoid bone and aging and dysphagia 
using various imaging procedures such as videofluorography, contrast radiography, computed 
tomography （CT） and ultrasonography 3-8）.
　The position of the hyoid bone is commonly determined by lateral cephalometric analysis, 
for purposes including maxillofacial surgery, diagnosis of sleep apnea, and analysis of skeletal 
patterns and occlusions 9-11）.  Although cephalometric radiography is commonly used in orthodontic 
treatment, the modality remains rare ; routine dental care would benefit from precise identification 
of hyoid bone location using a more common modality, such as panoramic radiography.
　Panoramic radiographic imaging enables a wide view of the jawbone and thus could be 
useful as a method to screen for certain lesions that can occur in the maxillofacial area without 
symptoms.  For example, some studies have reported incidental findings such as carotid artery 
calcification and osteoporosis 12-14）.
　The purpose of this study was to investigate the usefulness of panoramic radiography in the 
evaluation of hyoid bone position.
Materials and methods
Selection of subjects
　This retrospective study included patients referred for both a panoramic radiograph and a 
lateral cephalometric radiograph during their course of orthodontic treatment from June 2013 
to April 2016.  This research was approved by the Doctors’ Ethical Committee at Showa 
University （Approval number 2013-03）.  Patients with a history of trauma, surgery, mandibular 
growth disturbance or tumors were excluded.  And patients who had difficulty to assume normal 
positioning for taking the panoramic radiograph due to their physique, posture, and neck disease 
were excluded.  Images in which the hyoid bone was moving due to swallowing at the time of 
the examination were also excluded.  In total, 347 patients were selected, consisting of 106 males 
and 241 females, with a mean age of 38.3 years （range, 22-69 years）.  The remaining teeth in 
each patient were counted to confirm the state of occlusal support using Eichner’s classification.
Radiographic imaging protocols and image assessment
　Panoramic radiography was performed with a Hyper-XF device （Asahi Roentgen Ind. Co., Ltd.） 
with parameters of 78-82 kV, 10 mA, and 12 sec.  All patients were positioned with the laser 
instruction beam to capture the panoramic radiography so that the head and neck inclinations 
are almost equal.  Lateral cephalometric radiography was performed with a Rotanode TM DRX-
3724HD device （Toshiba Medical Systems Co., Ltd.） with parameters of 80 kV, 320 mA, and 
0.3 sec.  Radiographic images were analyzed on a RadiForce RX240 24-inch color LED monitor 
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（EIZO Co., Ltd.） with 1,280× 1,024 pixels, and SYNAPSE （Fuji Medical Co., Ltd.） software.  Two 
oral and maxillofacial radiologists assessed the hyoid bone position on each panoramic radiograph.
　The patients were divided into five groups according to the position of the hyoid bone in the 
panoramic radiograph as follows : Group 1 : hyoid bone could not be observed, or part of the 
greater horn was observed ; Group 2 : part of the hyoid body was observed, but not the most 
supero-anterior point of the hyoid bone ; Group 3 : the most supero-anterior point of the hyoid 
bone was observed ; Group 4 : all of the hyoid body was observed ; Group 5 : the hyoid body 
overlapped the mandible.  An example from each group is shown in Figure 1.
　The gold standard for measurement of hyoid bone position is the lateral cephalometric 
radiograph according to the method of Hosoda et al 15）.  In this study group, the hyoid bones 
Fig. 1.  Hyoid bone position on the panoramic radiograph
（a） Group 1 : hyoid bone could not be observed, or part of the greater horn was observed.
（b）  Group 2 : part of the hyoid body was observed, but not the most supero-anterior point of the hyoid bone.
（c） Group 3 : the most supero-anterior point of the hyoid bone was observed.
（d） Group 4 : all of the hyoid body was observed.
（e） Group 5 : the hyoid body overlapped the mandible.
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could be observed on the lateral cephalometric radiographs in all patients.  Figure 2 shows the 
landmarks and variable definition of the hyoid bone and the cervical vertebra.  The line was 
set from Menton to the most infero-anterior point of the third cervical vertebra （Me-C3）.  The 
reference points were set on the hyoid bone as follows : 1） H : the most supero-anterior point 
of the hyoid bone ; 2） H’ : the intersection of the line perpendicular from H and the Me-C3 
line ; 3） H’’ : the intersection of the line perpendicular from H and the mandibular plane. 
Perpendicular distance from the hyoid bone to the Me-C3 （H’-H） and mandibular plane （H’’- 
H） was measured.  When the hyoid bone was observed above the Me-C3 line, the distance was 
treated as a negative value.
Statistical analysis
　The distances of H’-H and H”-H on cephalometric radiographs were compared among the five 
groups.  The Kruskal-Wallis test was used for statistical analysis with SPSS Statistics （Ver. 20, 
Chicago, IL） software （p＜ 0.05 indicates significant differences）.
Fig. 2.  Measuring the hyoid bone position on the lateral cephalometric radiograph
Reference point : C3, the lowest salient points of the third cervical vertebra ; Me, 
Menton ; H, the most supero-anterior point of the hyoid bone ; H’, the intersection of 
the line perpendicular from H and the Me-C3 line ; H”, the intersection of the line 
perpendicular from H and the mandibular plane.  Measurement : （1） H’-H, straight 
distance from H to H’ ; （2） H’’-H, straight distance from H to H”. ［Modified from 
Hosoda et al 15）］
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Results
　Table 1 shows the mean and standard deviation （SD） for hyoid bone position relative to the 
Me-C3 line （H’-H） and to the mandibular lower border （H’’-H）.  Table 1 also indicates the 
number of remaining teeth and gender in each group, and that no patients had lost occlusal 
support according to Eichner’s classification.  Table 2 shows the age distribution of each group.
　The distances of H’-H were significantly shorter in Groups 4 and 5 than in Groups 1, 2, and 
3 （p＜ 0.01）.  The distances of H’’-H were significantly shorter in Group 5 than in the other 
groups （p＜0.001）, while those in Group 4 tended to be shorter than those in Groups 1, 2, and 3.
　In the patients whose hyoid bones were observed in higher positions on lateral cephalometric 
radiographs, the hyoid bones were also in higher positions on panoramic radiographs.  Likewise, 
hyoid bones that appeared at lower positions on lateral cephalometric radiographs were also 
observed at lower positions on the panoramic radiographs.
Discussion
　The hyoid bone plays an important role during safe swallowing.  The act of swallowing is 
generally described as having three stages, the oral, pharyngeal, and esophageal stages, as defined 
according to the location of the bolus 16，17）.  During the pharyngeal stage, pharyngeal muscles, 
suprahyoid muscles, and muscles in the oral cavity such as the tongue move the hyoid bone 
upward 18）.  In the pharyngeal stage, the movements of the muscles and the hyoid bone aid in 
Table 1.  Mean and standard deviation for hyoid bone position and remaining teeth in each group （mean ± SD）
Group（n）
Group 1
（n＝ 16）
Group 2
（n＝ 12）
Group 3
（n＝ 21）
Group 4
（n＝ 177）
Group 5
（n＝ 121）
H’-H （mm） 6.68 ± 5.25 6.65 ± 4.47 6.15 ± 5.56 －0.97 ± 5.82 －3.69 ± 5.66
H”-H （mm） 20.1 ± 5.87 19.9 ± 3.79 17.1 ± 5.74 12.7 ± 5.23 8.10 ± 4.84
Remaining teeth 25.6 ± 1.54 27.0 ± 1.53 26.2 ± 1.97 26.9 ± 1.74 26.7 ± 2.07
Gender （male：female） 9：7 12：0 11：10 61：116 13：108
Comment : C3, the lowest salient points of the third cervical vertebra ; Me, Menton ; H, the most supero-
anterior point of hyoid bone ; H’, the shortest position from H to C3-Me plane ; H”, the shortest position from 
H to mandibular plane ; H’-H, straight distance from H to H’ ; H’’-H, straight distance from H to H”.
Table 2.  Age distribution across groups
Age （y）
Group 1
（n＝ 16）
Group 2
（n＝ 12）
Group 3
（n＝ 21）
Group 4
（n＝ 177）
Group 5
（n＝ 121）
20-29 1 2 6 63 27
30-39 5 4 5 47 27
40-49 8 4 6 44 38
50-59 2 2 4 16 24
60-69 0 0 0  7  5
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two crucial functions: food passage and airway protection 19，20）.  It is thus important to evaluate 
the position of the hyoid bone by a simple, common and objective means.
　Panoramic radiography is one of the most useful examinations in dental treatment, especially 
in diagnostic situations requiring broad visualization of the jaws 21）.  It also offers the opportunity 
to visualize the hyoid bone, though it is inferior in reproducibility to the cephalometric 
radiography 22）.
　In the present study, we investigated the usefulness of panoramic radiography in the evaluation 
of hyoid bone position.  Statistically significant differences between the groups were observed in 
the visibility of the hyoid bone on panoramic radiograph and the bone’s position as measured 
by cephalometric radiograph.  Hyoid bones that appeared at lower positions on panoramic 
radiograph were also observed at lower positions in lateral cephalometric radiograph.
　It is generally said that reduced hyoid elevation is a common cause of aspiration in the 
elderly 23）.  It is also reported that the potential for dysphagia is increased if the position of 
the hyoid bone, which lowers with age, is not compensated by increased elevation during 
swallowing 3）.  The strength of the suprahyoid muscles and the infrahyoid muscles can also affect 
the position of the hyoid bone.  Iida et al 24） suggested that aging decreases the strength of the 
suprahyoid muscles and that this may contribute to the decline in swallowing function observed 
in otherwise healthy adults.  It is reported that atrophy of the geniohyoid muscle is greater 
in aspirators compared with non-aspirators in older men and that it might be associated with 
aging 25）.  A study using lateral videofluoroscopy imaging revealed that reductions in anterior 
hyoid and laryngeal movement below the first-quartile boundaries are statistically associated with 
increased risk of penetration–aspiration and post-swallow residues 5）.  Feng et al 8） used three-
dimensional reconstructions of the sagittal plane and two-dimensional reconstructions of CT scans 
to analyze the position of the hyoid bone and suggested that, among older male aspirators, 
the hyoid bone was in a more posterior and lower position relative to the mandible compared 
to non-aspirators.  On the other hand, another study reported no differences in pulmonary 
CT findings between healthy older adult aspirators and non-aspirators7）.  The hyoid bone is 
located in the middle of the cervical muscles that are involved in oral masticatory function, and 
decreased muscular strength around the hyoid bone might therefore contribute to the lower 
position common in elderly patients and the related increased risk of dysphagia.
　The elderly population is increasing in Japan, and frailty is an important predictor of the need 
for long-term care and medical treatment 1，26）.  The term “oral hypofunction” as suggested by the 
Japanese Society of Gerodontology refers to the decline of oral masticatory function in elderly 
people.  Slight signs of frailty in the oral and maxillofacial area such as decreased ability to 
speak smoothly, chewing and swallowing difficulties, and slight choking are emphasized as initial 
symptoms of serious systemic frailty 2）.  Nevertheless, screening for oral hypofunction should take 
into account the importance of reducing radiation exposure by using radiographs already taken 
for dental diagnostic purposes.
　The position of the hyoid bone has also been discussed in studies of obstructive sleep apnea 
（OSA）.  A number of these studies have reported that an inferiorly positioned hyoid bone and 
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an increased distance from the mandibular plane to the hyoid bone are commonly observed in 
OSA patients 27-30）.  It might therefore be possible to evaluate the position of the hyoid bone 
using panoramic radiography as a means of screening not only for oral frailty but also for OSA.
　The limitations of this study include the lack of information on aspiration status and age bias 
among the participants.  In this study, both panoramic radiographs and lateral cephalometric 
radiographs were needed for analysis, and the participants in this study were patients who 
came to our hospital for orthodontic treatment.  Additionally, if the position of the hyoid bone 
is to be evaluated by panoramic radiography alone, it must be noted that the position of the 
hyoid bone is affected by the position of the tongue in the oral cavity and the tension of the 
suprahyoid and the infrahyoid muscles.  To account for this, patients must be told to control 
their swallowing and breathing during the approximately 10 seconds that it takes to capture a 
panoramic radiograph if the resulting image is to be useful for this purpose.  Head positioning 
might also affect the position of the hyoid bone.  In this study, the patients who had difficulty 
to assume normal positioning at the time of taking panoramic radiograph were excluded. 
However, for thorough evaluation of the hyoid bone by panoramic radiography it might be 
necessary to consider the extent to which different head and neck inclinations affect the position 
of the hyoid.  Future studies could aim to improve the reproducibility of panoramic radiography 
for assessing oral function by further standardizing the position of the tongue and the head.
　This study is the first to investigate the relationship between the visibility of the hyoid bone 
on panoramic radiographs and its position on lateral cephalometric radiograph.  Further study is 
needed to confirm the usefulness of hyoid bone position for predicting oral hypofunction and to 
generate a set of standards for evaluating oral hypofunction by means of panoramic radiography.
　In conclusion, the assessment of hyoid bone position by panoramic radiography might be 
useful as a screening method for oral hypofunction.
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